Introduction {#S0001}
============

Diabetes mellitus is a serious, chronic and heterogeneous group of metabolic disorders characterized by persistent hyperglycemia due to alteration in carbohydrate, fat and protein metabolism caused by inherited and/or acquired deficiency in production of insulin and/or by the ineffectiveness of the insulin produced.[@CIT0001]--[@CIT0003] Chronic hyperglycemia during diabetes is associated with dysfunction of eyes, kidneys, nerves, heart, and blood vessels. Its complication mostly associated with dyslipidemia increased oxidative stress and consequently an alteration in the body's antioxidant defense system.[@CIT0004] Worldwide, the number of people with diabetes has considerably increased between 1980 and 2014, rising from 108 million to around four times higher. The global prevalence of diabetes has grown-up from 4.7% in 1980 to 8.5% in 2014, during which time prevalence has increased or at best remained unchanged in every country.[@CIT0005]

Alternative systems of medicine based on plant extracts have thrived through the ages and are still practiced by a large population for the management of diabetes.[@CIT0006] Globally, medicinal plants have been used as a source of medicine and 80--85% of populations rely on these medicinal plants using the extracts or their active components as a traditional medicine to meet their primary health-care needs.[@CIT0007] The world health organization expert committee on diabetes also suggested that medicinal herbs be further investigated as they are repetitively considered to be less toxic and side effects.[@CIT0005] Recently, herbal medicines are ahead importance due to their high margin of safety. There are several medicinal plants well recognized for their medicinal usage for treating diabetes mellitus in the traditional system of medicine. However, some of them have been studied systematically and scientifically for their antidiabetic efficacy.[@CIT0008] Some of herbal drugs with proven antidiabetic and related beneficial effects used in treatment of diabetes are *Allium sativum, Aloe* vera, *Coccinia indica, Eugenia jambolana, Ficus benga/ensis, Momordica charantia, Ocimum sanctum syn., Trigonella, foenum graecum, Vernonia amygdalina, Falcaria vulgaris*, and Stevia rebaudiana.[@CIT0009]--[@CIT0012]

Ethnomedicinal uses among rural communities of Ethiopia report showed that the Bark part of *H. abyssinica* is used traditionally to treat fever/cough, stomachache, bronchitis, livestock disease (thin/skinny body), dermatology and malaria. The Flower part of *H. abyssinica* is used to treat tapeworm, healing wound, epilepsy, evil eye, hepatitis, sexually transmitted diseases and problems related to bile. The Root part is used to treat severe abdominal pain, stomachache, throat disease, cancer, and the leaf part is used to treat diarrhea, typhoid, cough, livestock disease (mixed with juniperus procera), cancer, hypertension, bone fracture, allergic dermolitia, and wound.[@CIT0013],[@CIT0014] Pharmacological study showed that plants belong to the Rosaceae family have significant insulinomimetic and antidiabetic activity.[@CIT0015],[@CIT0016] *H. abyssinica* is one of the monotypic genus in the family Rosaceae.[@CIT0017] So, the study plant may have antidiabetic properties like another plant from this family.

The antidiabetic activity of medicinal plants is due to the presence of phenolic compounds (Anthraquinones, C-glycosylated anthrones, 2-hydroxy-3-methyl-anthraquinone, Physcion, etc.), Flavonoids, Terpenoids, Alkaloids, Glycosides, Steroid, Peptides, Lipids and other constituents.[@CIT0018]--[@CIT0020] The presence of other bioactive phytochemicals, Phloroglucinol,[@CIT0021] Amino acids,[@CIT0022] Minerals,[@CIT0023] and Weak Organic acids,[@CIT0022] may also be attributed to the antihyperglycemic effect of the plant. Plant extracts with cytotoxic actions are also therapeutically useful for diabetic treatment.[@CIT0024],[@CIT0025] In line with these, the essential oil and other constituent of *H. abyssinica* has confirmed the cytotoxic effect in vitro.[@CIT0021],[@CIT0026] As a result, these Phytoconstituents may contribute to antidiabetic activity.

The practice of using plants for management of diabetes is also documented in Ethiopia and Tanzania just like other ailments. The flower of *H. abyssinica* (family, Rosaceae) has been used in the treatment of Diabetes mellitus in Ethiopian folk-medicine without any scientific verification for safety and efficacy.[@CIT0027]--[@CIT0030] Thus, the present study aimed to investigate the in vitro and in vivo anti-diabetic activity of flower crude extract and solvent fractions of *H. abyssinica.*

Methods {#S0002}
=======

Plant Materials {#S0002-S2001}
---------------

The Fresh flower of *H. abyssinica* was collected from Kosoye area (located in the Amhara region, northwest Ethiopia), in February 2019. The collected plant material was wrapped with plastic sheets during transportation. The botanical identification and authentication of the plant materials were performed by Mr. Abiyu Enyew (botanist) and the voucher specimen (002ZDK/2019) was deposited in Herbarium of Biology Department, Faculty of Natural and Computational Science, University of Gondar.

Experimental Animals {#S0002-S2002}
--------------------

Healthy male Swiss albino mice (weighing 20--28 g and age of 6--10 weeks) were purchased from Ethiopian Public Health Institute (EPHI). Female rodents were excluded for greater compatibility nature of males for the models,[@CIT0031] except for oral toxicity study. The animals were housed in cages under standard conditions and provided with pellet diet and water *ad libitum*. The animals were acclimatized to the laboratory conditions before one week of the beginning of the experiments. Animal handling and care was carried out throughout the experiment according to international laboratory animal use and care guidelines,[@CIT0032] and approved by the research and ethics committee, Department of pharmacology, University of Gondar with a Reference number of SOP 4/105/11. Anesthetic chambers were clean to minimize odors that might distress animals subsequently euthanized. The mice were placed in a closed container containing cotton soaked with 2% halothane (and the halothane was applied onto the cotton in the cassette use of 0.1 mL liquid halothane per 1000 mL chamber volume and was given about a 2% concentration of gas). Mice were uncovered only to vapors. Euthanasia procedure was conducted in a chemical fume hood to prevent inhalation of halothane by workers. Sufficient O2 was accessible due to large container during the induction phase. Mice were monitored for rising and falling of chest, palpable heartbeat, mucous membrane color, response to toe pinch, and color change in eyes for death confirmation. Finally, cervical dislocation was used on mice to ensure that they have been properly euthanized.[@CIT0033]

Preparation of Plant Crude Extract {#S0002-S2003}
----------------------------------

The collected plant flowers were cleaned with distilled water and air dried at room temperature under shade (25--27°C) and reduced to appropriate size. The powdered plant materials were packed in plastic bag and kept until extraction. The powdered plant materials were weighed by sensitive digital weighing balance and a total of 1.2 g of powdered flowers were macerated with 80% methanol (250 g in 1500 mL) in Erlenmeyer flask for 72 hrs at room temperature (25--27°C). The extraction process was facilitated by occasional shaking. After 72 hrs, the extract was separated from the marc using gauze and further filtered by Whatman filter paper No. 1. The residue was re-macerated for another 72 hrs three times using the same volume of 80% methanol to exhaustively extract the plant material. The filtrates obtained from the successive maceration were concentrated under reduced pressure using rotary evaporator (Hamato, Japan) followed by hot air oven (Medit-Medizin Technik, Germany) set at 40°C. The extract was further concentrated to dryness by freeze drying using lyophilizer (Labfreez, China). After drying, the amount of dry extract obtained was harvested and the dried extract was transferred into airtight bottles and stored in a refrigerator at −4°C until used. The weight of the dry extract was expressed as percentage of the total mass of dry plant matter to determine the percentage yield.[@CIT0034]

Fractionation of Crude Extract {#S0002-S2004}
------------------------------

Solvent fractionation of flower crude extract was carried out using water, ethyl acetate, and chloroform. Briefly, the flower crude extract was dissolved in 400 mL of distilled water and this solution was transferred to a separating funnel. An equal volume of chloroform was added to it and was shaken vigorously. The mixture was separated into two layers, waited for a while and then chloroform fraction was removed. The partition with chloroform was repeated two times. The chloroform layer was combined and subjected to evaporation using hot air oven set at 40°C to get the chloroform fraction. To the separating funnel containing aqueous layer, 400 mL of ethyl acetate was added. The mixture was separated into two layers, and then the ethyl acetate was separated and the procedure was repeated two times. The ethyl acetate layer was pooled and concentrated using hot air oven set at 40°C to obtain the ethyl acetate fraction. The remaining aqueous layer was concentrated using hot air oven set at 40°C and frozen in the refrigerator overnight and then, concentrated in a lyophilizer to remove the water. The % yield of the dried fractions were calculated and the fractions obtained were put in airtight bottles and stored in a refrigerator at −4°C until used.[@CIT0035],[@CIT0036]

Preliminary Phytochemical Screening of Flower Crude Extracts {#S0002-S2005}
------------------------------------------------------------

Standard Preliminary phytochemical qualitative analysis of the extract was carried out for various plant constituents. The crude extract was screened for the presence or absence of secondary metabolites such as Reducing sugars, Alkaloids, Steroidal compounds, Phenolic compounds, Cardiac glycosides, Flavonoids, Saponins, Tannins and Anthraquinones using standard procedures. Detection of Alkaloids (Mayer's Test): About 0.2g *H. abyssinica* crude extract was dissolved individually in dilute hydrochloric acid and filtered. Filtrate was treated with Mayer's reagent (Potassium Mercuric Iodide). Formation of a yellow-colored precipitate indicates the presence of Alkaloids; Detection Saponins (Foam Test): 0.5 g of *H. abyssinica* crude extract was shaken with 2 mL of water. If foam was produced which persists for 10 mins it indicates the presence of Saponins; Detection of Tannins (Braymer's Test: 1 mL of the *H. abyssinica* crude extract was diluted with distilled water and added with 2 drops of ferric chloride). A transient greenish to black color indicates the presence of Tannins; Detection of Terpenoids (Copper acetate Test): An amount of 0.8 g of *H. abyssinica* crude extract was taken in a test tube, then poured 10 mL of methanol in it, shaken well and filters to take 5 mL extract of plant sample. Then, 2 mL of chloroform was mixed in extract of selected plant sample and 3 mL of sulphuric acid was added in selected sample extract. Formation of reddish brown color indicates the presence of Terpenoids in the selected plants; Detection of Phenols (Ferric Chloride Test): *H. abyssinica* crude extract was treated with 3 to 4 drops of ferric chloride solution. Formation of bluish-black color indicates the presence of Phenols; Detection of Flavonoids (Alkaline Reagent Test): *H. abyssinica* crude extract was treated with few drops of sodium hydroxide solution. Formation of intense yellow color, which was become colorless on addition of dilute hydrochloric acid, indicates the presence of Flavonoids; Detection of Anthraquinones: *H. abyssinica* crude extract was (equivalent to 100 mg) shaken vigorously with 10 mL of benzene, filtered and 5 mL of 10% ammonia solution was added to the filtrate. The mixture was shaken and observed for the presence of a pink, red or violet color in the ammonia (lower) phase that indicates the presence of free Anthraquinones; Cardiac glycosides (Keller killianis test): About 100mg of *H. abyssinica* crude extract was dissolved in 1mL of glacial acetic acid containing one drop of ferric chloride solution. This was then under layer with 1mL of concentrated sulphuric acid. A brown ring obtained at the interface would indicate the presence of a de-oxy sugar characteristic of cardenolides; and Steroids (Salkowski's test): About 100mg of *H. abyssinica* crude extract was dissolved in 2mL of chloroform. Sulphuric acid was carefully added to form a lower layer. A reddish-brown color at the interface was an indicative of the presence of steroidal ring.[@CIT0037]--[@CIT0039]

Grouping and Dosing of Animals {#S0002-S2006}
------------------------------

For all animal models (normoglycemic, oral glucose loaded and streptozotocin-induced diabetic model) male mice were used. In all cases, mice were assigned randomly into five groups of 6 mice each (n=6). In the normoglycemic and oral glucose loaded animal models, there was a negative control group (groups I) which received distilled water (DW); a positive control group (group II) which received glibenclamide (Sanofi-aventis, France) 5 mg/kg (GLC 5 mg/kg); test groups (group III--V) received three different doses of the *H. abyssinica* crude extract (HAC). In the single dose-treated diabetic animal model, there was a negative control group (group I) which received the vehicle (distilled water=DW); a positive control group (group II) which received the standard drug, Glibenclamide 5 mg/kg (GLC 5 mg/kg); twelve test groups (groups III--XIV) received different doses of the *H. abyssinica* crude extract (HAC); Chloroform fraction (CFF); Ethyl acetate fraction (EAF); and Aqueous fraction (AQF). In the repeated daily dose-treated a diabetic animal model of crude extract and solvent fractions, mice were randomly divided into nine groups (8 groups of diabetic mice and 1 additional group of normal mice, 6 mice per group). Group I (diabetic mice) was used as diabetic control (DC) that was received vehicle orally (distilled water=DW), Group II (positive control) received a standard drug, glibenclamide5 mg/kg (GLC 5 mg/kg) and Groups III--VIII (test groups) received different doses of the *H. abyssinica* crude extract (HAC) and Ethyl acetate fraction (EAF) with (100 mg/kg, 200 mg/kg and 400 mg/kg) doses; and Group IX (non-diabetic mice) were used as negative control (NC) that received vehicle orally (distilled water=DW).[@CIT0040],[@CIT0041] The extract doses to be administered are determined based on the acute toxicity study and the volume of administration was 1 mL/100 g of body weight of the mouse.[@CIT0042] The middle dose was one-tenth of the limit dose, the higher dose was twice the middle dose, and the lower dose was calculated as half of the middle dose. The study was conducted using the oral route of administration since the plant materials are traditionally used by people via the oral route.[@CIT0029]

Determinations of α-Amylase Inhibition Activity {#S0002-S2007}
-----------------------------------------------

The α-amylase inhibition assay was performed using the 3.5-dinitrosalicylic acid (DNSA) method.[@CIT0043] The crude extract and solvent fractions of *H. abyssinica* were dissolved in buffer (Na2HPO4/NaH2PO4 (0.02 M), NaCl (0.006 M) at pH 6.9) to give concentrations ranging from 25 to 800 μg/mL. A volume of 200 μL of α-amylase solution (Molychem, India) (2 units/mL) was mixed with 200 μL of the extract and was incubated for 10 mins at 30°C. Thereafter, 200 μL of the starch solution (1% in water (w/v)) was added to each tube and incubated for 3 mins. The reaction was terminated by the addition of 200 μL DNSA reagent (12 g of sodium potassium tartrate tetrahydrate in 8.0 mL of 2 M NaOH and 20 mL of 96 mM of 3.5-dinitrosalicylic acid solution) and was boiled for 10 mins in a water bath at 85°C. The mixture was cooled to ambient temperature and was diluted with 5 mL of distilled water, and the absorbance was measured at 540 nm using a UV-Visible spectrophotometer (Agilent Technologies, Malaysia). The blank with 100% enzyme activity was prepared by replacing the plant extract with 200 μL of the buffer. A blank reaction was similarly prepared using the plant extract at each concentration in the absence of the enzyme solution. A positive control sample was prepared using acarbose (Bayer, Germany) and the reaction was performed similarly to the reaction with plant extract as mentioned above. The inhibition of α-amylase was expressed as percentage of inhibition and was calculated by the following equation: Inhibition (%) = \[(Ac − Acb) − (As − Asb)/(Ac − Acb)\] × 100, where Ac- absorbance of control; Acb-absorbance of control blank; As-absorbance of sample; and Asb-absorbance of sample blank. The % α-amylase inhibition was plotted against the extract concentration and the IC~50~ values were obtained from the graph.

In-vitro Antioxidant Activity in DPPH Assay Model {#S0002-S2008}
-------------------------------------------------

The free radical scavenging activity of the plant crude, solvent fractions, and ascorbic acid were determined in vitro by diphenyl-2-picrylhydrazyl (DPPH) (Sigma Aldrich, Germany) assays according to the method described earlier.[@CIT0044] The potential antioxidant activity of plant crude extract and solvent fractions were determined based on the scavenging activity of the stable DPPH free radical. Aliquots of 100 µL of a methanolic solution containing different concentrations ranging from 15.625 to 500 μg/mL were added to 3.9 mL of a 0.004% methanolic solution of DPPH. Absorbance at 517 nm was determined after 30 mins, and the percent inhibition activity was calculated. IC~50~ values denote the concentration of the sample required to scavenge 50% DPPH-free radicals. The percentage (%) of the scavenging of the DPPH-free radical was calculated by the formula: (A0-A1)/A0 X 100. A0 is absorbance of the control and A1 is absorbance of the extract/standard.

Acute Toxicity Study {#S0002-S2009}
--------------------

Acute oral toxicity of the crude extract was performed on healthy female Swiss albino mice as per OECD-425 guideline limit test procedure. Accordingly, five female albino mice of 6--8 weeks were used. All mice were fasted (food but not water) for 3 hrs before and 1 hr after administration of the extract. A limit dose of 2g/kg was given for the first animal. Based on the result, four additional animals were dosed sequentially. The animals were housed separately and observed for manifestation of gross behavioral and physical toxicities like changes in skin, urination, lacrimation, reduction in feeding activity, excitation, paw licking, increased respiratory rate, decreased motor activity, diarrhea, weight loss and paralysis continuously for the first 30 mins and intermittently for 4 hrs, over a period of 24 hrs and later followed for 14 days for an interval of 24 hrs for any lethality.[@CIT0045]

Effect of the Extract in Blood Glucose Level of Normoglycemic Mice {#S0002-S2010}
------------------------------------------------------------------

Healthy normal mice were fasted overnight for 14 hrs, but the water was permitted ad libitum and then randomly divided into five different groups (6 mice in each). Mice were grouped and treated as described above. Using aseptic conditions, blood samples were collected from tips of the tail of each mouse to determine blood glucose level (BGL). Baseline blood glucose level of each mouse was measured just before treatment (at 0 hr). Then, blood glucose level of each mouse was measured at 1, 2, 4 and 6 hrs after-treatment.[@CIT0046]

Effect of the Extract on Blood Glucose After Oral Glucose Tolerance Test (OGTT) {#S0002-S2011}
-------------------------------------------------------------------------------

Mice were used for the OGTT after fasting overnight for 14 hrs, as there is increased insulin sensitivity (insulin-stimulated glucose utilization) specifically in mice;[@CIT0047],[@CIT0048] mice were grouped and treated as described above and the baseline blood glucose level was determined. Then, 2 g/kg of glucose solution was administered orally to each mouse after 30 mins of extract administration. As usual blood glucose level was measured for each animal just before treatment (at 0 min) as baseline, and then at 30 min, 1 hr and 2 hrs following glucose administration.[@CIT0040]

Induction of Experimental Diabetes {#S0002-S2012}
----------------------------------

In this experimental study, diabetes was induced using streptozotocin (STZ). The drug was dissolved in 0.1 M citrate buffer (pH=4.5). The prepared streptozotocin solution at 150 mg/kg dose was given through intraperitoneal rout,[@CIT0031] which were fasted overnight for 14 hrs before administration. After 6 hrs of STZ injection, the mice were allowed to receive glucose solution for about 24 hrs to avoid death secondary to hypoglycemic shock. After 72 hrs of STZ injection, the mice were screened for DM. Mice that showed FBG level \>200 mg/dl were a candidate for the study.[@CIT0049]

Anti-Hyperglycemic Activity of a Single Dose and Repeated Dose of the Extracts in STZ-Induced Diabetic Mice {#S0002-S2013}
-----------------------------------------------------------------------------------------------------------

For single-dose streptozotocin-induced diabetic model, mice were assigned randomly into five groups (n=6) after fasting for 14 hrs. Then, mice were treated with distilled water, glibenclamide, and 80% methanolic crude extract and solvent fractions according to their respective grouping as described above. Blood glucose level was measured just before treatment (at 0 hr) as a baseline, and then at 2, 4, 6 and 8 hrs post-treatment.[@CIT0046],[@CIT0050] For repeated-dose streptozotocin-induced diabetic model, mice were divided in six groups (n=6). The vehicle, standard drug, crude extract, and solvent fraction were administered once daily for 14 days. Fasting blood glucose level and the bodyweight of mice were measured just before starting treatment (day 0), 7th day and 14th day of treatment following overnight fasting for 14 hrs.[@CIT0050],[@CIT0051]

Effect on Serum Lipid Level of Diabetic Mice {#S0002-S2014}
--------------------------------------------

On the 15th day, blood samples were collected in a sterile tube by cardiac puncture beneath halothane anesthesia from the overnight fasted (14 hrs) diabetic mice. The blood samples were left at room temperature for 2 hrs and then centrifuged at 2500 rpm at 30°C for 15 mins. The supernatant was instantly separated from the precipitate to get ready serum samples to find out the level of triglyceride, total cholesterol, high-density lipoprotein and low-density lipoprotein.[@CIT0047],[@CIT0048]

Statistical Analysis {#S0002-S2015}
--------------------

The IC50 values were calculated from plots of log concentration of inhibitor concentration versus percentage inhibition curves. The data were expressed as mean ± standard error of mean (SEM). All the results were articulated as the mean ± standard error of means (SEM) for six mice in each group. Statistical analysis was performed by using statistical package for social sciences (SPSS) version 24 software. The group analysis was conceded out using one-way ANOVA, followed by Tukey's multiple comparison tests. The result was considered significant when p \< 0.05.

Results {#S0003}
=======

Yield of Crude Extract and Fractions {#S0003-S2001}
------------------------------------

From 211.2 grams (17.6% yield) of 80% flower crude extract, and a yield of chloroform, ethyl acetate and aqueous fractions of flower *H. abyssinica* were 24.62%, 30.54%, and 42.43%, respectively.

Preliminary Phytochemical Screening {#S0003-S2002}
-----------------------------------

Preliminary phytochemical screening was done for the flower crude extract of *H. abyssinica* resulted in the presence of Saponins, Tannins, Terpenoids, Phenols, Flavonoids, Glycosides, Steroids, and Anthraquinones. Alkaloids were not present in the phytochemical screening ([Table 1](#T0001){ref-type="table"}).Table 1Phytochemical Screening of Flower Crude ExtractNo.Secondary MetabolitesTest Results1Alkaloids--2Saponins+3Tannins+4Terpenoids+5Phenols+6Flavonoids+7Glycosides+8Steroids+9Anthraquinones+[^1]

In vitro α-Amylase Inhibition Activity of Crude Extract and Solvent Fractions {#S0003-S2003}
-----------------------------------------------------------------------------

In this study, one crude extract and the three solvent fractions were evaluated for their possible α-amylase inhibitory activities alongside acarbose as a positive control. The α-amylase inhibitory activities and IC~50~ values of the acarbose, crude extract and fractions are summarized in [Table 2](#T0002){ref-type="table"}. As the results showed, the inhibitory activities of all the extracts were varied IC~50~ values from 20.78 to 52.11μg/mL. Concentration-dependent inhibition was observed for various concentrations of the tested extracts and the standard. Among the extracts, the ethyl acetate flower fraction of *H. abyssinica* showed the highest alpha--amylase enzyme inhibition activity with an IC~50~ value of 20.78μg/mL (54.23% inhibition at 800μg/mL). Similarly, the IC~50~ values of water fraction, chloroform fraction, and Crude flower extract were 52.11±0.63, 49.08±0.97, and 28.09±0.75 μg/mL, respectively. The standard positive control Acarbose showed an IC~50~ value of 1.24±0.67 μg/mL (91.87±0.54% inhibition at 800µg/mL)Table 2α-Amylase Inhibitory Activities of the Crude Extract and Solvent FractionsConcentrationPercentage (%) InhibitionWater\
FractionChloroform\
FractionCrude Flower\
ExtractEthyl Acetate\
FractionAcarbose25 μg/mL1.52±0.823.59±0.604.41±0.756.42±0.9128.69±0.6750 μg/mL3.2±0.706.19±0.489.38±0.3718.48±0.4849.35±0.39100 μg/mL5.61±0.299.23±0.9417.440.6726.63±0.1563.12±0.14200 μg/mL9.6±0.8316.72±0.3729.05±0.5038.42±0.6771.66±0.49400 μg/mL17.31±0.7222.03±0.6638.63±0.8247.07±0.9485.16±0.87800 μg/mL26.18±0.8828.27±0.7443.38±0.7854.23±0.5391.87±0.54IC~50~ μg/mL52.11±0.6349.08±0.9728.09±0.7520.78±0.671.24±0.67[^2][^3]

Antioxidant Activity of Crude Extract and Solvent Fractions {#S0003-S2004}
-----------------------------------------------------------

Antioxidant activity of the crude extract and solvent fractions of *H. abyssinica* were tested for antioxidant activity using DPPH free radical. The extracts showed antioxidant activity as shown in [Table 3](#T0003){ref-type="table"}. There was a dose-dependent increase in the percentage of antioxidant activity for all concentrations tested. Ascorbic acid was used as the standard drug for the determination of the antioxidant activity by DPPH method. The concentration of ascorbic acid and the extracts varied from 15.625 to 500 µg/mL. Among extracts, the highest inhibitory activities were shown by the crude extract with an IC~50~ value of 9.41±0.14 µg/mL (58.38% inhibition at 500µg/mL). Likewise, the IC~50~ values of water fraction, chloroform fraction, and ethyl acetate fraction were 16.96±0.13, 12.14±0.64, and 10.78±0.54 μg/mL, respectively. The standard positive control Ascorbic acid showed an IC~50~ of 3.59±0.94 µg/mL (89.72±0.86% inhibition at 500µg/mL).Table 3Antioxidant Activities of the Crude Extract and Solvent FractionsConcentrationPercentage (%) Inhibition of DPPHWaterChloroformEthyl AcetateCrude FlowerAscorbic Acid15.625 μg/mL2.39±0.633.22±0.146.48±0.126.28±0.3914.56±0.2931.25 μg/mL5.08±0.297.44±0.8110.48±0.5512.64±0.2729.04±0.6762.5 μg/mL9.71±0.6311.11±0.6413.71±0.3717.35±0.1051.62±0.17125 μg/mL18.26±0.7422.58±0.7731.25±0.4933.53±0.7359.54±0.37250 μg/mL22.38±0.3833.22±0.3839.41±0.6442.01±0.6872.45±0.88500 μg/mL36.52±0.4348.07±0.5151.69±0.6658.38±0.3489.72±0.86IC~50~ μg/mL16.96±0.1312.14±0.6410.78±0.549.41±0.143.59±0.94[^4][^5]

Acute Toxicity Test {#S0003-S2005}
-------------------

The acute toxicity study indicated that the crude extract caused no mortality in limit dose of 2 g/kg within the first 24 hrs as well as for the following 14 follow-up days. Physical and behavioral observations of the experimental mice also revealed no visible signs of overt toxicity. This indicates that Median Lethal Dose (LD~50~) of the extract is greater than 2 g/kg.

Hypoglycemic Activity on Normoglycemic Mice {#S0003-S2006}
-------------------------------------------

The effect of 80% methanolic flower crude extract on normoglycemic mice is shown in [Table 4](#T0004){ref-type="table"}. Ahead of initiating the treatment, there were no statistically significant differences in blood glucose level among the whole groups (P\>0.05). In normoglycemic mice, 80% methanolic flower crude extract at HAC100 did not significantly decrease the plasma glucose in normal mice at all time points compared to the negative control group. However, blood glucose level was significantly reduced by GLC5 at the 1st (p \<0.05), 2nd (p\<0.001), 4th (p \< 0.001), and 6th (p\<0.001) hours compared to the negative control. Likewise, the extract HAC200 at 6th hours (p\<0.05) and HAC400 at 4th and 6th hours (p\< 0.05 and p \< 0.001, respectively) significantly decreased BGL compared to the negative control. Similarly, comparing GLC5 treated group with extract-treated groups, it was revealed that GLC5 significantly reduced the BGL at the 4th (p\<0.01) and 6th hours (p \< 0.001) compared to HAC100 treated group; at the 4th (p\<0.05) and 6th hours (p\<0.01) compared to HAC200 treated group. Within-group analysis showed that treatment with the standard drug reduced the BGL significantly at the 1st (p \< 0.05), 2nd (p \< 0.001), 4th (p \< 0.001), and 6th (p\<0.001) hours compared to the baseline blood glucose level with percentage reduction of 16.03%, 25.85%, 33.47%, and 41.48%, respectively. While extract HAC100 at the 6th (p\<0.05) hours with percentage reduction of 14.22%; HAC200 at the 4th (p \< 0.05) and 6th (p\<0.01) hours with percentage reduction of (15.85%, 22.76%, respectively); and HAC400 at the 4th (p \< 0.001), and 6th (p\<0.001) hours with percentage reduction of (27.73%, 31.68%, respectively), reduced the BGL compared to the baseline BGL. By contrast, DW10 did not produce any significant reduction in BGL across all time points compared to the baseline (t=0).Table 4Hypoglycemic Activity of the Flower Crude Extract in Normoglycemic MiceGroupBlood Glucose Level (mg/dl)0 Hours1 Hours2 Hours4 Hours6 HoursDW1085.50±2.1684.50±3.4081.67±4.3479.00±4.5976.50±4.09GLC583.17±3.0369.83±1.96^aA,βA^61.67±3.28^aB,βC^55.33±2.5^aC,bB,cA,\ βC^48.67±2.22^aC,bC,cB,βC^HAC10078.50±3.0976.33±2.1074.50±2.9171.33±3.38^nB^67.33±2.50^βA,nC^HAC20082.00±2.8279.33±4.2672.83±3.5569.00±1.51^nA,\ βA^63.33±1.86^aA,nB,βB^HAC40084.17±4.0074.50±2.7767.83±3.22^βB^60.83±6.22^aB,βC^57.50±4.89^aC,\ βC^[^6][^7]

Anti-Hyperglycemic Activity of the Plant Extract on Oral Glucose Loaded Mice {#S0003-S2007}
----------------------------------------------------------------------------

The result of *H. abyssinica* crud extract on oral glucose tolerance test of normoglycemic mice is summarized in [Table 5](#T0005){ref-type="table"}. Oral Administration of 2g/kg of glucose to normoglycemic mice 30 mins after treatment with distilled water, test extracts, and glibenclamide showed peak blood glucose level in 30 mins ([Figure 1](#F0001){ref-type="fig"}). Initially, there was no significant difference in blood glucose level of mice (p\>0.05). The hyperglycemia was not significantly reduced with HAC100 at 60 and 120 mins compared to the negative control. Similarly, HAC200 and HAC400 failed to produce detectable changes at 60 mins compared to the negative control group. However, HAC200 and HAC400 significantly (p \< 0.05 and p \< 0.01, respectively) improved oral glucose loading at 120 mins compared to the negative control group. Likewise, GLC5 produced significant improvement of hyperglycemia at 60 mins (p \< 0.001) and 120 mins (p \< 0.001) compared to the negative control group. Within-group analysis showed that oral glucose loading results a statistically significant reduction in BGL at 60 and 120 mins in all groups including the negative control compared to the respective BGL at 30 mins after glucose administration.Table 5Effect of the Flower Crude Extract in Oral Glucose Loaded MiceGroupBlood Glucose Level (mg/dl)0 Minutes30 Minutes60 Minutes120 MinutesDW1089.00±4.21191.17±3.45^βC^148.83±6.72^βC,\ µB^118.67±4.88^βB,µC^GLC586.83±2.66162.33±2.94^aB,bB,cA,dA,βC^75.00±6.10^aC,bC,cC,dC,µC^64.00±5.39^aC,βB,\ µC^HAC10085.00±3.33188.33±4.17^nB,\ βC^142.50±9.62^nC,\ βB,\ µC^90.50±8.70^µC^HAC20087.33±4.01184.17±6.27^nA,βC^139.33±8.08^nC,\ βC,\ µC^84.33±4.64^aA,µC^HAC40089.67±3.52183.50±5.14^nA,\ βC^131.00±4.42^nC,\ βC,\ µC^79.33±3.49^aA,µC^[^8][^9] Figure 1Effect of *Hagenia abyssinica* crude extract on the blood glucose level of oral glucose loaded mice.**Abbreviations:** DW, distilled Water; HAC, *H. abyssinica* flower crude extract; GLC, glibenclamide; min, minutes.

Anti-Hyperglycemic Activity of Single Doses in STZ-Induced Diabetic Mice {#S0003-S2008}
------------------------------------------------------------------------

The result of *H. abyssinica* crude extract and solvent fractions on STZ-induced diabetes is summarized in [Table 6](#T0006){ref-type="table"}. There was no significant disparity between baseline blood glucose levels crosswise all groups. Likewise, there was no significant disparity in blood glucose level at all time points when groups received the plant extract were compared to each other.Table 6Antihyperglycemic Activity of a Single Dose of Flower Crude Extract and Solvent Fractions in Diabetic MiceGroupBlood Glucose Level (mg/dl)0 Hours2 Hours4 Hours6 Hours8 HoursDW10286.67±5.44285.83±8.20287.00±6.06288.67±7.15291.17±5.42GLC5276.00±15.00254.17±13.91223.00±16.76^nA,βA^219.67±12.15^nB,βA^211.17±12.43^nC,βB^HAC100267.83±12.66261.33±11.61259.17±10.95256.83±10.55254.50±8.14HAC200265.50±10.11262.17±13.84257.50±9.90251.17±8.06249.33±9.86HAC400279.67±8.93274.50±14.92267.00±8.95256.33±9.31244.83±10.46^nA^CFF100262.67±17.34262.01±13.17258.50±11.10257.00±14.50255.67±13.68CFF200275.67±10.94274.67±14.04268.33±11.61263.33±13.37261.67±9.87CFF400268.50±14.76265.67±9.74258.50±15.19250.67±12.41248.17±13.24EAF100288.17±20.97285.17±22.69281.00±19.38273.33±17.56274.17±20.05EAF200274.33±14.57269.50±11.25258.00±13.57257.50±14.68250.50±15.23EAF 400270.33±17.07264.50±16.78256.00±13.35241.50±14.38234.17±13.56^nA^AQF100272.83±17.39274.00±15.90270.50±21.41267.50±13.94266.67±16.07AQF200282.50±12.58280.00±13.08279.17±15.89274.67±13.75271.33±14.32AQF400265.83±9.25263.00±11.33259.50±14.88252.67±9.57252.33±8.85[^10][^11]

Within a group, the analysis showed that there was no significant blood glucose level reduction showed in all doses of crude extract and solvent fractions treated groups at all time points compared to the baseline fasting blood glucose level. However, the greatest percent reduction in BGL was recorded as 5.08% in AQF400, 7.57% in CHF400, 12.46% in HAC400, 13.38% in EAF400 and 23.49% in GLC5 treated group at the 8th hour compared to the respective baseline fasting level. The standard drug glibenclamide produced a significant blood glucose level reduction at the 4th (p\<0.05), 6th (p \< 0.01), and 8th (p\<0.001) hours compared to the negative control. In the same way, HAC400 and EAF400 showed a significant (p \< 0.05) blood glucose level reduction at 8th hours compared to the negative control. The standard drug, glibenclamide also produced a significant blood glucose level reduction at the 4th (p\<0.05), 6th (p \< 0.05) and 8th (p\<0.01) hour compared to baseline blood glucose level.

Anti-Hyperglycemic Activity of the Repeated Doses in STZ-Induced Diabetic Mice {#S0003-S2009}
------------------------------------------------------------------------------

Blood glucose levels were measured once weekly in normal and diabetic mice given HAC, EAF, DW10, and GLC5 after the induction of diabetes. The results are summarized in [Table 7](#T0007){ref-type="table"}. After induction, diabetic mice showed significant differences in blood glucose levels compared to normal mice (p\<0.001), but no significant difference in baseline fasting BGL across all groups of diabetic mice. Treatment with HAC200 and EAF200 (p \< 0.05, on the 7th and 14th days); HAC400 (p\<0.05 and p \< 0.01, on the 7th and 14th days, respectively); and EAF400 (p \< 0.01 and p\<0.001, on the 7th and 14th days, respectively) resulted in a significant reduction in BGL compared to diabetic control. Similarly, GLC5 treated group revealed significant (p \< 0.001) reduction in BGL on the 7th and 14th days. In contrast, HAC100 and EAF100 failed to show a reduction of BGL on the 7th and 14th days at all time points compared to diabetic control. Within a group analysis revealed that both HAC400 and EAF400 significantly (P\<0.05 and P\<0.001) reduced the BGL on the 7th and 14th days, respectively, compared to the baseline level, but the remaining extract-treated, diabetic control and the normal control did not show a significant alteration in BGL on 7th and 14th days compared to the respective baseline level. Similarly, the standard drug reduced the BGL significantly (P\<0.01 and P\<0.001) on the 7th and 14th days, respectively, compared to the baseline BGL. The greatest reduction in fasting BGL was attained at the 14th days 20.68%, 23.12%, and 35.93%, respectively, for HAC400, EAF400, and GLC5 ([Table 7](#T0007){ref-type="table"}).Table 7Antihyperglycemic Activity of Repeated Daily Doses of Flower Crude Extract and Ethylacetate Fraction in Diabetic MiceFasting Blood Glucose Level (mg/dl)Percentage (%) ReductionGroupBaseline7th day14th day7th day14th dayDC286.67±5.44^nC^292.17±6.87^nC^294.83±5.88^nC^−1.92−2.85GLC5276.00±15.00^nC^188.17±13.03^aC,βB,nC^176.83±11.75^aC,\ βC,nC^31.8235.93HAC100267.83±12.66^nC^250.83±14.46^nC^248.17±11.38^nC^6.357.34HAC200265.50±10.11^nC^237.83±7.62^aA,nC^229.50±12.61^aA,nC^10.4213.56HAC400279.67±8.93 ^nC^239.67±7.59^aA,βA,nC^221.83±9.95^aB,βC,\ nC^14.3020.68EAF100288.17±20.97^nC^266.33±18.99^nC^259.50.33±20.19^nC^7.589.95EAF200274.33±14.57^nC^244.17±16.65^aA,nC^231.17±15.57^aA,nC^12.0915.74EAF400270.33±17.07^nC^229.67±13.51^aB,βA,nC^207.83±16.85^aC,\ βC,nC^15.0423.12NC87.33±4.43^aC^85.83±4.26^aC^89.17±3.31^aC^1.72−2.09[^12][^13]

Effect of the Repeated Daily Doses on Body Weight of Diabetic Mice {#S0003-S2010}
------------------------------------------------------------------

The bodyweight of diabetic and normal mice prior to and gone the induction of diabetes are specified in [Table 8](#T0008){ref-type="table"}. As baseline, the weight of mice was measured after 3 days of streptozotocin injection and was no significant difference between diabetic groups but had significant weight loss compared to normal control. Streptozotocin fashioned a significant loss of body weight in the diabetic control on the 7th and 14th days of treatment compared to the normal control. Significant body weight increment was recorded for HAC200 (p \< 0.01), HAC400 (p \< 0.001), EAF400 (p \< 0.01) and GL5 (p \< 0.001) at the 7th day of treatment compared to diabetic control group. All doses of the crude extract, ethyl acetate fraction and GL5 showed a significant (p \< 0.001) increment in body weight at the 14th days when compared to diabetic control. By contrast, the bodyweight of the diabetic control group was significantly decreased (p\<0.05 and p\<0.001) at the 7th and 14th days, respectively, compared to normal control group. Within a group analysis revealed that the HAC400 and GL5 showed a significant increment in body weight on the 7th and 14th days of treatment compared to baseline body weight. In the same way, HAC200 and EAF400 showed a significant increment in body weight on the 14th day compared to baseline body weight.Table 8Effect of Repeated Daily Doses of the Flower Crude Extract and Ethylacetate Fraction on Bodyweight of Diabetic MiceBody Weight (g)GroupBefore Induction of DMBaseline7th Day of Treatment14th Day of TreatmentDC27.19±0.5926.05±0.4924.02±0.91^nA^22.85±0.69^nC,\ βA^GLC528.06±0.3527.66±0.3329.04±0.46^aC,βA^30.01±0.45^aC,\ βA^HAC10027.10±0.6525.65±0.4924.78±0.4126.27±0.62^aB^HAC20029.15±0.6527.39±0.6128.55±0.49^aB^29.48±1.26^aC,\ βA^HAC40027.58±0.5426.69±1.0829.63±0.43^aC,βA^29.81±0.39^aC,\ βA^EAF10028.04±1.3227.79±1.0826.91±0.8828.40±0.72^aC^EAF20026.70±0.7424.89±0.8326.58±0.7727.19±0.71^aC^EAF40027.54±1.1525.89±0.8227.81±0.76^aB^28.74±0.62^aC,\ βA^NC26.47±0.8926.59±0.6627.40±0.71^aA^28.60±0.47^aC^[^14][^15]

Effect of Repeated Daily Doses on Serum Lipid Level of Diabetic Mice {#S0003-S2011}
--------------------------------------------------------------------

After the induction of diabetes and succeeding treatment with all the three doses of the crude extract and the ethyl acetate fraction, there was a significant (p\<0.001) increase in serum level of TC, TG, VLDL-c and LDL, and a significant (p\<0.001) decrease in HDL cholesterol when compared to normal mice. EAF100 treated group did not show a significant reduction in the serum level of TG and VLDL-c; and did not show a significant increment in the serum level of HDL-c compared to diabetic control. Correspondingly, EAF200 treated group did not show a significant decrease in serum level of VLDL-c, but showed a significant (p\<0.05) reduction in serum level of TG and a significant increment in serum level of HDL-c compared to diabetic control. However, administration of all the three doses of flower crude extract (HAC100, HAC200, and HAC400), ethyl acetate fraction (EAF400), and GLC5 to diabetic mice for 14 days showed a significant (p\<0.001) dose-dependent reduction in the serum level of TC, TG, LDL, and VLDL whilst increasing the levels of HDL-c compared to the diabetic control ([Table 9](#T0009){ref-type="table"}).Table 9Effect of Repeated Daily Doses of Flower Crude Extract and Ethyl Acetate Fraction on Serum Lipid Level of Diabetic MiceSerum Lipid Level (mg/dl)GroupSTC (mg/dl)STG (mg/dlHDL-c (mg/dl)VLDLc (mg/dl)LDL-c (mg/dl)DC187.17±0.79^aC^167.17±1.60^aC^23.17±2.60^aC^32.17±.79^aC^132.33±1.94^aC^GLC593.17±1.62^bC^88.17±1.40^bC^36.33±0.88^bC^19.83±2.49^bC^39.50±0.76^bC^HAC100175.50±0.76^aC,bC^156.00±0.96^aC,bC^28.33±1.66^aC,\ bC^28.40±0.72^aC,bB^113.83±2.66^aC,bC^HAC200167.83±1.60^aC,\ bC^145.67±1.66 ^aC,\ bC^31.83±1.60^aC,\ bC^26.00±1.57^aC,bC^108.67±0.61^aC,bC^HAC400163.67±1.71^aC,\ bC^139.50±0.95^aC,\ bC^33.50±0.60^aB,\ bC^25.17±0.47^aC,bC^98.50±1.61^aC,\ bC^EAF100175.50±3.76^aC,\ bC^164.33±2.42 ^aC^25.50±0.76^aC^31.33±0.88^aC^115.67±1.84^aC,\ bC^EAF200172.50±2.60^aC,\ bC^162.50±0.76 ^aC,bA^26.50±2.76^aC,\ bA^29.17±0.47^aC^110.83±0.65^aC,bC^EAF400168.33±1.14^aC,bC^156.67±0.88 ^aC,bC^29.50±1.42^aC,\ bC^29.00±1.36^aC,bA^103.67±1.62^aC,bC^NC88.17±0.79 ^bC^82.67±1.11^bC^37.83±0.94^bC^18.83±0.79^bC^35.67±1.07^bC^[^16][^17]

Discussion {#S0004}
==========

Numerous new bioactive phytochemicals isolated from the plants having hypoglycemic and anti-hyperglycemic effects prove the same anti-diabetic activity and sometimes even more potent than already recognized oral hypoglycemic agents.[@CIT0052],[@CIT0053] The present study investigated the in vitro and in vivo antidiabetic, antihyperlipidemic, and antioxidant activity of the 80% methanolic crude extract and solvent fractions of *H. abyssinica* on normal and diabetic mice.

In the acute oral toxicity study, administering hydromethanolic crude extract at single dose of 2 g/kg body weight orally did not cause any major toxicity and death of mice during observation. This finding revealed that the LD~50~ of the plant extract is greater than 2 g/kg. This result supports the study which presents the tough evidence of the non-toxic outcome of the plant.[@CIT0026],[@CIT0054]

Various secondary metabolites isolated from diverse plant species have been anticipated to have potent hypoglycemic, anti-hyperglycemic and glucose suppressive effects. These secondary metabolites include Flavonoids,[@CIT0055],[@CIT0056] Sterols/Triterpenoids,[@CIT0057] Alkaloids and Phenolics.[@CIT0058] Possessions might be achieved by stimulating insulin release from pancreatic ß-cells, inhibiting glucose absorption in the gut, stimulating glycogenesis in the liver and/or increasing glucose utilization by the body.[@CIT0059] Apart from lowering blood glucose effect, these phytochemicals are recognized to regenerate the damaged beta cells and stopping oxidative stress on beta cells in experimental diabetic rats.[@CIT0060] A study with *Artemisia afra* has been reported to possess hypoglycemic activity in diabetic rabbits due to the presence of Saponins which might be acting as a stimulant for the release of insulin following the repair of pancreatic beta cells by the extract.[@CIT0061] The preliminary phytochemical screening of the 80% methanolic crude extract of *H. abyssinica*, showed the likely existence of Saponins, Tannins, Terpenoids, Phenols, Flavonoids, Glycosides, Steroids, and Anthraquinones. This finding was similar to the reports by Wolde T et al, 2016.[@CIT0062] As a result, these secondary metabolites which were found in *H. abyssinica* crude extracts and solvent fractions may, therefore, be accountable for the observed glucose suppressive and anti-hyperglycemic activity of the extract and some of the bioactive constituents in this study could act synergistically or independently enhancing the action of glycolytic and glyconeogenic enzymes.

Previous chemical composition studies of flower extract of *H. abyssinica* have shown the existence of phloroglucinols, specific amino acids, minerals, and weak organic acids.[@CIT0021]--[@CIT0023],[@CIT0063] These findings advocate that the component of *H. abyssinica* may have a protective or therapeutic potential for the treatment of diabetes via numerous likely mechanisms.[@CIT0063]--[@CIT0068]

It is well known that reduction of postprandial hyperglycemia can be achieved by inhibiting intestinal α-glucosidase and pancreatic α-amylase activity via delayed carbohydrate digestion.[@CIT0069] The plant crude extract and solvent fractions showed pancreatic α-amylase inhibitory activity. The search for new group of agents from natural resources, especially from medicinal plants, becomes an attractive approach for the treatment of postprandial hyperglycemia. As shown in [Table 2](#T0002){ref-type="table"}, all doses of the crude extract and solvent fractions of *H. abyssinica* demonstrated a dose-dependent reduction in α-amylase activity. The most important inhibition appeared in the ethyl acetate solvent fraction (54.23%) while the aqueous fraction (26.18%) showed the weakest effect. The α amylase inhibitory activity in ethyl acetate extract is most likely to be due to semi-polar compounds and is worth investigating further and isolating pure active compounds. Flavonoids, Tannins and Phenolic acids are a major group of polyphenolic compounds that have been reported to possess inhibitory activity against α-amylase.[@CIT0070] In this study, the phytochemical analysis revealed that the extracts are rich in polyphenolic components, this suggests that the bioactive exerting the inhibitory effect against α-amylase may be present in all plant extracts at different concentrations. The greatest anti-oxidant activity (58.38%) was observed in the crude extract while the lowest antioxidant activity was observed in aqueous fraction (36.52%). The meticulous results of both plants are shown in [Table 3](#T0003){ref-type="table"}. The attractive fact of our study was that the crude extract showed outstanding antioxidant potential than solvent fractions. The result of the anti-oxidant activity of *H. abyssinica* extract showed a dose-dependent antioxidant activity.

In the hypoglycemic activity of the flower crude extract, DW10 did not significantly change the blood glucose concentrations of fasted normoglycemic mice. However, crude extract of HAC200 (p \< 0.05) at 4th hours and HAC400 (p\<0.05 and p\<0.001, respectively) at 4th and 6th hours significantly reduced the blood glucose level of non-diabetic mice and it was observed that the extract exerted its action in a dose-dependent manner. The crude extract produced a delayed but significant hypoglycemia; this showed that the anti-diabetic activity of the extract amplified with time, as the maximal effect was achieved at the 6th hours ([Table 4](#T0004){ref-type="table"}). This could mean that the active constituents in the extract need time to attain adequate concentration at the target site, as a similar pattern was observed with other plants displaying anti-diabetic activity.[@CIT0071] The plant extract showed comparatively slower hypoglycemic onset of action than the standard drug. The hypoglycemic effect of glibenclamide was apparent due to the stimulation of insulin release from pancreatic β-cells and inhibition of glucagon secretion.[@CIT0072] The crude extract might have an insulin-like effect or stimulate insulin secretion from β-cells. Compounds of a natural product such as Flavonoids and Tannins isolated from medicinal plants are reported to stimulate insulin secretion from pancreatic β--cells.[@CIT0073] Since these active constituents exist in *H. abyssinica*, the probable mechanism of action of plant extract is similar to GLC5. So the HAC200 and HAC400 crude extract were shown a significant BGL reduction as compared to the negative control.

OGTT is a measure of the body's ability to utilize glucose and it is seen as the "gold standard" in diagnosing diabetes mellitus.[@CIT0074] The effect of extracts on glucose tolerance test in normal mice is shown in [Table 5](#T0005){ref-type="table"}. At 30 mins of glucose administration, the peak of blood glucose level became higher and then consequently lowered. This confirms the physiologic induction of hyperglycemia due to oral glucose loading. Statistical analysis showed that there was no significant difference among the groups at 0 min. Similarly, statistical analysis at 30 mins showed that there was a significant difference among the groups. Additional, statistical analysis at 60 mins showed that there was a significant difference among the groups at 60 mins. Post hoc test revealed that GLC5 showed significant (P\<0.001) reduction in the plasma sugar level compared to negative control at 60 mins. Moreover, Post hoc test revealed that GLC5, HAC200, and HAC400 showed significant (P\<0.05 and P\<0.01) decrease in the plasma sugar level compared to glucose loaded control group at 120 mins. In this test, glucose tolerance was enhanced significantly (p \< 0.001) in GLC5 and all doses of the crude extract-treated groups from 60 mins onwards compared to the blood glucose level at 30 mins. In general, in OGTT the crude extract showed a significant reduction in blood glucose level from 120 mins compared to negative control. Mice treated with crude extract have better glucose utilization capacity. The postprandial glucose-lowering ability of the extract may be accredited to embarrassment of glucose absorption, stimulation of peripheral glucose utilization, reduction in glycogenolysis, and gluconeogenesis.[@CIT0075] This suggests that the extract is capable with the ability to get better regulatory mechanisms, indicative of a potential advantage of the extract in minimizing hyperglycemia-related complications of diabetes. This pattern of blood glucose modulation was similar to the finding by Yaschilal et al, 2018,[@CIT0076] and M. Anitha et al, 2012.[@CIT0077] This finding provides confident evidence that the claimed medicinal plant has an antihyperglycemic activity.

Among the variety of single doses of the crude extract and solvent fractions, greatest activity was observed with ethyl acetate fraction. It is appealing to note that EAF400 was proficient of bringing down STZ-induced hyperglycemia by 13.38% as compared with the crude extract (12.46%) at a dose of 400 mg/kg of body weight 8 h after oral administration, while the AQF and chloroform fractions showed weak activity (5.08% and 7.57%, respectively), representing that the active constituent(s) of the plants are semi-polar. GLC5 showed a greatest reduction of 23.49% in blood glucose level 8 h after oral administration. As shown in [Table 6](#T0006){ref-type="table"}, this anti-diabetic activity corresponds to GLC5 and all doses of the crude and solvent fractions showed a reduction in blood glucose levels after oral administration, indicating the improvement in blood glucose homeostasis was in a dose-dependent manner, this can be explained by the possible existence of a sufficient concentration of the active metabolite (s) in the higher dose 400 mg/kg in contrast to the lower 100mg/kg and middle 200mg/kg dose levels of plant extracts. The in vitro α amylase and single-dose anti-hyperglycemic activity (STZ-induced mice) in the ethyl acetate showed a superior anti-diabetic activity compared to other solvent fractions. This may indicate that the ethyl acetate fractions could contain compounds better than the HAC, CHF, and AQF. Due to its superior activity in their in vitro anti-diabetic and better bringing down of STZ-induced hyperglycemia, the ethyl acetate fraction was further investigated for their in vivo anti-hyperglycemic activity of repeated daily doses on STZ-induced diabetic mice. This finding was not in line with other study which reported that the aqueous fraction had significant glucose-lowering activity.[@CIT0078]

In the anti-hyperglycemic activity of repeated daily doses of the HAC and EAF in STZ-induced diabetic mice, the maximum percent fall of fasting blood glucose was found at EAF400 (23.12%) as compared to HAC400 (20.68%) on day 14th. The result was comparable with the standard drug GLC5 which reduced fasting blood glucose level by 35.93% on the same day. Furthermore, significant fasting blood glucose fall in diabetic mice treated with HAC200 (p\<0.05 in both cases); HAC400 (p\<0.05 and p \< 0.01, respectively in both cases); and EAF400 (p \< 0.01 and p\<0.001, respectively in both cases) resulted in a significant reduction in BGL at the 7th and 14th days, respectively, compared to diabetic control. Similarly, GLC5 treated group revealed significant (p\<0.01 and p\<0.001) reduction in BGL at the 7th and 14th days, respectively. It was observed that the extract exerted its action in a dose-dependent manner, this might be due to increasing dose contains a higher concentration of the active component(s) responsible for more fall of fasting blood glucose than the lower dose. Likewise, GLC5 lowers fasting blood glucose level via selective blockage of adenosine triphosphate (ATP) sensitive K+ (KATP) channels in the plasma membrane. This leads to membrane depolarization, activate voltage-gated Ca2+ channels, a rise in cytosolic (Ca2+) and release of endogenous insulin in β-cells of the pancreas,[@CIT0079] this suggests that Streptozotocin at 150 mg/kg i.p. might not adequate for the destruction of β-cells and/or few cells remained to have the capability to regenerate and secrete insulin. Oxidative stress and inflammation involving the pancreas are the key factors in the pathogenesis and progression of diabetes. Excessive free radicals generated from hyperglycemia-induced glucose autoxidation and protein glycosylation play an imperative role in DM pathogenesis.[@CIT0080],[@CIT0081] Pancreas β-cells are sensitive to damage by nitric oxide and other free radicals which can be generated by STZ.[@CIT0082] Preceding studies revealed that different plant extracts have shown pancreas β cell-protective activity due to their antioxidant activities.[@CIT0083],[@CIT0084] In the same way, the extract of *H. abyssinica* showed anti-oxidant activity in the present study. This suggests that the β-cell protective effect secondary to the antioxidant activity of the plant extract might contribute to its anti-hyperglycemic activity in STZ-induced diabetic mice.

Significant (p \< 0.001) body weight loss was observed in STZ-induced diabetic control mice and more or less normalized by treatment with HAC and EAF. In diabetic mice, this loss of weight may be due to tissue protein break down and muscle wasting via unavailability of carbohydrates as an energy source and catabolism of fats.[@CIT0085] However, this finding revealed that GLC5 and all doses of the extract-treated mice showed significant weight gain (p \< 0.001, p \< 0.05) in contrast with the diabetic group and baseline body weight, respectively, after 14 days treatment. The protective effect of the extract on body weight loss may be due to its capability to decrease hyperglycemia. Here, the bioactive compounds of *H. abyssinica* may help in suppressing the free radicals generated due to hyperglycemia, and control over muscle wasting resulted from glycemic control in treated diabetic mice, and ultimately lead to body weight gain.

Activation of hormone-sensitive lipase during insulin insufficiency causes raise in free fatty acid mobilization from adipose tissue. Besides, hyperglycemia is accompanied by a rise in TC, TG, LDL-C and a fall in HDL-C.[@CIT0086] In the current study, STZ-induced diabetic control mice showed significantly increased serum STC, STG, VLDL-C, and LDL-C and decreased HDL-C as expected. Repeated administration of HAC and EAF for 14 days significantly decreased STC, STG, VLDL-C, and LDL-C levels and at the same time, HDL-C level was increased in a dose-dependent manner, and all the three doses of the HAC did show better improvement in diabetic dyslipidemia compared to EAF treated group. It is not notorious whether plant extract had a straight effect on lipid metabolism or the anti-dyslipidemic activity is achieved only due to the controlled hyperglycemia. But, it can be concluded that both the crude extract and the fraction improve diabetic dyslipidemia. This finding was also consistent with other findings that showed the ethanolic and aqueous extracts of *Costus igneus* showed significant reduction in blood glucose level, Cholesterol, Triglycerides, LDL and elevated the HDL level in streptozotocin-induced diabetes.[@CIT0061]

Conclusions {#S0005}
===========

This study revealed that the crude extract and solvent fractions of *H. abyssinica* have showed significant lowering of blood glucose level on diabetic, normoglycemic and oral glucose loaded mice and not permitted bodyweight loss of diabetic. The results also verified that inhibition of intestinal α-amylase and free radical scavenging activity by the extracts may contribute to the antihyperglycemic and anti-hyperlipidemic activity. The results give scientific support for the use of the plant in folk medicine for the management of diabetes and its associated complications. *H. abyssinica* would be promising for further clinical studies in the management of DM. Further studies to find out the mechanism of this plant for its antidiabetogenic effect and there is a need for bioactivity guided investigation to isolate the lead compound responsible for the antidiabetic activity.
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[^1]: **Notes:** Key: (+): Indicates the presence of the constituents; (-): Indicates the absence of the constituents.

[^2]: **Notes:** Each value of Percentage inhibition of α-amylase is presented as means ± SEM, n = 3.

[^3]: **Abbreviations:** IC~50~, half-maximal inhibitory concentration; SEM, standard error of mean; α-amylase, alpha-amylase.

[^4]: **Notes:** Each value of Percentage inhibition of DPPh free radical is presented as means ± S.E.M., n = 3.

[^5]: **Abbreviations:** DPPh, 2,2-diphenyl-1-picrylhydrazine; IC~50~, half-maximal inhibitory concentration; SEM, standard error of mean.

[^6]: **Notes:** Values are expressed as mean ± SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; ^a^compared to the negative control, ^b^compared to HAC100, ^c^compared to HAC200, ^β^compared to baseline blood glucose level, ^n^compared to GLC5; ^A^p \< 0.05, ^B^p \< 0.01,^C^p \< 0.001.

[^7]: **Abbreviations:** HAC, *H. abyssinica* flower crude extract; DW, distilled water; GLC, glibenclamide.

[^8]: **Notes:** Values are expressed as mean ± SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; ^a^Compared to the negative control, ^b^compared to HAC100, ^c^compared to HAC200, ^d^compared to HAC400, ^µ^compared to the blood glucose level at 30 mins, ^β^compared to baseline blood glucose level, ^n^compared to GLC5; ^A^p \< 0.05, ^B^p \< 0.01,^C^p \< 0.001.

[^9]: **Abbreviations:** HAC, *H. abyssinica* flower crude extract; DW, distilled water; GLC, glibenclamide.

[^10]: **Notes:** Values are expressed as mean ± SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; ^n^compared to the negative control, ^β^compared to baseline blood glucose level; ^A^p \< 0.05, ^B^p \<0.01, ^C^p \< 0.001.

[^11]: **Abbreviations:** HAC, *Hagenia abyssinica* flower crude extract; DW, distilled water; CFF, chloroform fraction; EAF, ethylacetate fraction; AQF, aqueous fraction; GLC, glibenclamide.

[^12]: **Notes:** Values are expressed as mean ± SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; ^a^compared to the diabetic control, ^n^compared to the normal control, ^β^compared to baseline blood glucose level; ^A^p\<0.05, ^B^p\<0.01, and ^C^p\<0.001.

[^13]: **Abbreviations:** HAC, *H. abyssinica* flower crude extract; EAF, ethylacetate fraction; GLC, glibenclamide; DC, diabetic control; NC, normal control.

[^14]: **Notes:** Values are expressed as mean ± SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; ^a^compared to the diabetic control, ^n^compared to the normal control, ^β^compared to baseline bodyweight; ^A^p\<0.05, ^B^p\<0.01, ^C^p\<0.001.

[^15]: **Abbreviations:** HAC, *H. abyssinica* flower crude extract; EAF, ethylacetate fraction; GLC, glibenclamide; DC, diabetic control; NC, normal control; DM, diabetes Mellitus.

[^16]: **Notes:** Values are expressed as mean ± SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; ^a^compared with normal control group, ^b^compared with diabetic control; ^A^p \< 0.05, ^B^p \< 0.01, ^C^p \< 0.001.

[^17]: **Abbreviations:** HAC, *H. abyssinica* flower crude extract; EAF, ethylacetate fraction; GLC, glibenclamide; DC, diabetic control; NC, normal control; STC, serum total cholesterol; STG, serum triglyceride; HDL-c, high-density lipoprotein cholesterol; VLDL-c, very-low-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.
